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Edited by Giulio Superti-FurgaAbstract Non-receptor tyrosine kinase Abl is a well known reg-
ulator of the actin-cytoskeleton, including the formation of stress
ﬁbers and membrane ruﬄes. Vinexin is an adapter protein con-
sisting of three SH3 domains, and involved in signal transduction
and the reorganization of actin cytoskeleton. In this study, we
found that vinexin a as well as b interacts with c-Abl mainly
through the third SH3 domain, and that vinexin and c-Abl were
colocalized at membrane ruﬄes in rat astrocytes. This interac-
tion was reduced by latrunculin B, suggesting an F-actin-medi-
ated regulatory mechanism. We also found that vinexin a but
not b was phosphorylated at tyrosine residue when c-Abl or v-
Abl was co-expressed. A mutational analysis identiﬁed tyrosine
127 on vinexin a as a major site of phosphorylation by c- or v-
Abl. These results suggest that vinexin a is a novel substrate
for Abl.
 2006 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Regulation of the actin cytoskeleton is important for various
cellular events, including cell adhesion, cell migration, phago-
cytosis, and neurite extension. Many of the proteins involved
in regulating the rearrangements of the actin cytoskeleton have
been identiﬁed. Among them, c-Abl is a non-receptor type
tyrosine kinase and consists of a SH3 domain, a SH2 domain,
a tyrosine kinase domain, proline-rich sequences, and G- and
F-actin-binding regions [1,2]. c-Abl has been shown to occur
in at various region of cells. c-Abl distributes along stress ﬁbers
mediated by interaction with F-actin through its C-terminal F-
actin-binding region [3]. Since the kinase activity of c-Abl is de-
creased by interaction with F-actin, the cytosolic pool of c-Abl
is thought to be anchored and downregulated by stress ﬁbers
[4]. c-Abl is recruited to focal adhesion sites during the initial
contact of the cell with ﬁbronectin [5]. The recruitment of c-
Abl induces the phosphorylation of focal adhesion proteins,Abbreviations: SH, Src homology; ArgBP2, Arg-binding protein 2;
WAVE, Wiskott–Aldrich syndrome protein family verprolin-homolo-
gous protein
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ulate cell spreading and migration [6–8]. Furthermore, c-Abl is
also found at lamellipodia and membrane ruﬄes where
WAVE1/2 and Abi-1, eﬀector molecules of c-Abl, regulate
the actin cytoskeleton [9,10]. Phosphorylation of WAVE2 by
c-Abl enhances the activity to promote the Arp2/3-mediated
polymerization of actin in vitro [10]. In neuronal cells, c-Abl
phosphorylates Cdk5 and regulates neurite extension as well
as cell migration, both of which requires the process of actin
remodeling [9,11]. However, the mechanisms underlying the
regulation of the actin cytoskeleton by c-Abl and the eﬀector
molecules of c-Abl have not been fully identiﬁed.
Vinexin is a focal adhesion protein involved in the regulation
of the actin cytoskeleton and cell spreading [12]. Vinexin, c-Cbl
associated protein (CAP)/ponsin, and Arg-binding protein 2
(ArgBP2) form a small adaptor protein family, which share a
characteristic structure: Sorbin homology (SoHo) domain in
the N-half and three SH3 domains in the C-half [12–16]. Vin-
exin is expressed as several isoforms, including vinexin a, b,
and c [13,17]. These three isoforms contain a common C-ter-
minal sequence containing three SH3 domains. Vinexin a
and c have an additional N-terminal sequence containing a
SoHo domain. Vinexin b is ubiquitously expressed but vinexin
a and c show a tissue- or stage-speciﬁc expression [12,17,18].
Vinexin a and b bind to vinculin, a major focal adhesion pro-
tein, and localizes at focal adhesions. Furthermore, the expres-
sion of vinexin a induces the accumulation of F-actin at focal
adhesions in NIH3T3 cells [12,19]. Moreover, we recently
found that the expression of vinexin b induced the stabilization
of WAVE2 in a protein kinase A (PKA)-dependent manner
[20]. We have also reported that vinexin b promotes the
EGF-induced activation of c-Jun N-terminal kinase (JNK)
as well as the anchorage-independent activation of ERK2
[21,22]. In addition, ERK2 activated by EGF or cell adhesion
interacts and colocalizes with vinexin at focal adhesion sites
[23]. These observations suggest that vinexin controls not only
the reorganization of the actin cytoskeleton but also growth
factor-mediated signaling.
In this study, we showed that vinexin a and b interacted with
c-Abl and colocalized with c-Abl at membrane ruﬄes. This
interaction was mediated by the third SH3 domain of vinexin.
Furthermore, the interaction is reduced by latrunculin B, sug-
gesting the involvement of F-actin. Vinexin a but not b was
phosphorylated in c- or v-Abl-expressing cells. The interaction
of vinexin a with Abl was required for the eﬃcient phosphor-
ylation of vinexin a. These results suggest that vinexin a is a
novel substrate for Abl tyrosine kinase.blished by Elsevier B.V. All rights reserved.
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Cell culture and transfection-Cos7 cells, MDA-MB-231 cells, and
NIH3T3 cells were cultured in Dulbecco’s modiﬁed Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum or 10% newborn
calf serum. Rat astrocytes, kindly provided by Dr. J. Ito (Nagoya City
University, Japan), were cultured in NUTRIENT MIXTURE F-12
HAM medium (Sigma) supplemented with 10% fetal bovine serum.
Transfections into Cos7 cells and NIH3T3 cells were performed with
Lipofectamine 2000 and Lipofectamine Plus reagent (Invitrogen),
respectively, according to the manufacture’s instructions.
2.1. Materials
Monoclonal antibody against phosphotyrosine (pY20) was pur-
chased from BD Transduction Laboratories. Goat polyclonal anti-
body against GST was purchased from Amersham Biosciences.
Monoclonal antibody (8E9) and polyclonal antibody (K12) against
Abl were purchased from BD Pharmingen and Santa Cruz Biotechnol-
ogies, respectively. Polyclonal anti-c-Myc antibody was purchased
from Santa Cruz Biotechnologies. Monoclonal anti-penta-His anti-
body was obtained from Qiagen. Polyclonal and monoclonal (M2)
antibodies against the FLAG epitope and monoclonal antibody
against vinculin were purchased from Sigma. Polyclonal antibody
against vinexin was described previously [20]. Latrunculin B was pur-
chased form Sigma. STI571, an Abl tyrosine kinase inhibitor, was a
gift from Novartis.
Expression vectors-FLAG-tagged vinexin a and b and their point
mutants were described previously [12,19,22]. Deletion mutants of
vinexin a were constructed by amplifying the corresponding regions
of vinexin a, and then ligating them using restriction enzymes. Mutants
of vinexin a, in which each tyrosine (Y127, Y269, and Y394) was substi-
tuted with phenylalanine, were generated by Quick Change Site-direc-
ted Mutagenesis (Stratagene). All mutants constructed by PCR or
with the mutagenesis kit were conﬁrmed by sequencing. pcDNA3-c-
Abl and pcDNA3-v-Abl were kindly provided by Dr. D. Baltimore
(California Institute of Technology) and Dr. S.P. Goﬀ (Columbia Uni-
versity), respectively. The expression vector for proline-rich motif mu-
tants, pcDNA3-c-Abl P2X (P548A +P592A) and pcDNA3-c-Abl P4X
(P548A +P592A +P634A +P781A), were described previously [24]. The
expression vector for deletion mutants of c-Abl, pFLAG-CMV2-
Abl461–end (between amino acids 461 and 1097), Abl461–756 (between
amino acids 461 and 756), and Abl756–end (between amino acids 756
and 1097), were described previously [25].
2.2. Immunostaining
Immunostaining was performed as described previously [20,23].
Brieﬂy, cells were ﬁxed with 10% formalin for 15 min and then perme-
abilized with 0.2% Triton-X100/TBS. This was followed by blocking
with 10% goat serum in 0.1% TritonX-100/TBS. The cells were then
incubated with anti-Abl and anti-vinexin, or anti-vinculin and anti-
vinexin antibodies overnight at 4 C, followed by Alexa 488- or 546-
conjugated secondary antibodies (Molecular Probes) for 1 h at room
temperature. Fluorescence images were taken with a PASCAL confo-
cal microscopy system (Carl Zeiss Co. Ltd.).
2.3. Immunoprecipitation
Cells were lysed with lysis buﬀer (1% TritonX-100, 20 lg/ml aproti-
nin, 100 lg/ml p-amidinophenyl methanesulfonyl ﬂuoride hydrochlo-
ride, 5 lg/ml leupeptin, 5 mM benzamidine, 1 lg/ml pepstatin A, and
phosphatase inhibitor cocktail I and II (Sigma) in PBS). Equal
amounts of cell lysate were subjected to incubation with anti-FLAG
and anti-vinexin antibodies or control rabbit IgG for 1 h at 4 C, fol-
lowed by further incubation with protein G sepharose (Sigma). The
immunoprecipitates were washed with ice-cold 1% TritonX-100/PBS
four times. Coprecipitated proteins were separated by SDS–PAGE
and subjected to immunoblotting with speciﬁc antibodies.2.4. In vitro kinase assay
Both the wild type and Y127F mutant of FLAG-vinexin a were
immunoprecipitated using anti-FLAG antibody from Cos7 cells tran-
siently expressing each protein. Immunoprecipitated beads were resus-
pended in reaction buﬀer (10 mM Tris–HCl pH 7.5, 10 mM MgCl2,
0.01% TritonX-100, 1 lM DTT, 300 lM ATP and 5 ng of puriﬁedc-Abl (Upstate)) in the presence or absence of 5 lM STI571 and incu-
bated at 30 C for 30 min. Beads were then washed with ice-cold 1%
TritonX-100/PBS. Phosphorylation of FLAG-vinexin a was detected
by immunoblotting using anti-phosphotyrosine (pY20) antibody.
2.5. Pulldown assay
The pulldown assay was performed as previously described [20,23].
Brieﬂy, GST or GST-vinexin b was expressed in E. coli. BL21, and
then puriﬁed using glutathione Sepharose 4B beads. After three wash
with 1% Triton X-100/PBS, beads were resuspended in 1% Triton X-
100/PBS containing 100 ng of puriﬁed c-Abl protein and incubated
for 1 h at 4 C. The beads were washed four times using ice-cold 1%
TritonX-100/PBS. Coprecipitated c-Abl was detected by immunoblot-
ting using anti-Abl antibody.3. Results
3.1. Vinexin interacts with c-Abl both in vitro and in vivo
We have previously reported that vinexin a promotes the
accumulation of F-actin at focal adhesions in NIH3T3 cells.
Abl and Arg are non-receptor type tyrosine kinases that regu-
late the formation of the actin stress ﬁbers and lamellipodia as
well as membrane ruﬄes. ArgBP2, a member of the vinexin/
CAP/ArgBP2 family, is a binding partner of Abl and Arg.
Therefore, we examined whether vinexin interacts with Abl.
We ﬁrst examined the interaction of GST-vinexin b with puri-
ﬁed c-Abl by conducting a pulldown assay. c-Abl was copre-
cipitated with GST-vinexin b but not with GST (Fig. 1A),
indicating that vinexin b directly interacts with c-Abl
in vitro. We next examined the interaction of vinexin with c-
Abl in vivo. Empty vector or FLAG-tagged vinexin a or b
was cotransfected with c-Abl into Cos7 cells. Immunoprecipi-
tation was performed using anti-FLAG antibody, followed by
immunoblotting with anti-Abl antibody. c-Abl was coprecipi-
tated both with vinexin b and a (Fig. 1B). To conﬁrm the inter-
action between endogenously expressed proteins, endogenous
vinexin in rat astrocytes or MDA-MB-231 cells was immuno-
precipitated. Vinexin a is the major isoform expressed in rat
astrocytes, whereas vinexin b is the major isoform expressed
in MDA-MB-231 cells. Endogenous c-Abl was coprecipitated
with endogenous vinexin in both cells (Fig. 1C). To further
corroborate the interaction of endogenous vinexin with c-
Abl, we determined the distribution of vinexin and c-Abl in
rat astrocytes. Confocal images reveal that endogenous vinexin
mainly localized at focal adhesion sites (arrowheads) as well as
at membrane ruﬄes (arrows) and colocalized with vinculin as
we reported previously [20] (Fig. 1D, bottom). c-Abl distrib-
uted throughout the cytosol, and also at membrane ruﬄes
(Fig. 1D, top). Vinexin and c-Abl colocalized at these mem-
brane ruﬄes (arrows) but not at focal adhesion sites
(Fig. 1D, top, arrowheads). To further conﬁrm the colocaliza-
tion of vinexin with c-Abl at membrane ruﬄes, Z-series of
optical sections were taken by confocal microscopy. Recon-
structed images of vertical sections revealed that vinexin and
c-Abl were concentrated and colocalized speciﬁcally at mem-
brane ruﬄes (Fig. 1E). These results suggest that vinexin inter-
acts and colocalizes with c-Abl at membrane ruﬄes in vivo.3.2. Actin modulates the interaction of vinexin b with c-Abl
The observation that endogenous vinexin and c-Abl colocal-
ized at membrane ruﬄes (Fig. 1D) raises the possibility that
actin aﬀects the interaction of vinexin with c-Abl. To examine
Fig. 1. Interaction of vinexin with c-Abl in vivo. (A) GST- or GST-vinexin b-bound beads were resuspended in 1% Triton X-100/PBS containing
100 ng of puriﬁed c-Abl and incubated at 4 C for 1 h. c-Abl precipitated with the beads was detected by immunoblotting using anti-Abl antibody.
(B) Empty vector or FLAG-tagged vinexin a or b was cotransfected with c-Abl into Cos7 cells. Cell lysates were immunoprecipitated using anti-
FLAG antibody. Precipitated proteins were subjected to SDS–PAGE, followed by immunoblotting using anti-Abl antibody. (C) Rat astrocytes or
MDA-MB-231 cells were lysed. Cell lysates were immunoprecipitated using anti-vinexin antibody or control rabbit IgG. Precipitated proteins were
subjected to SDS–PAGE, followed by immunoblotting using anti-Abl antibody or anti-vinexin antibody. (D) Rat astrocytes were ﬁxed and
permeabilized. Immunostaining was performed using anti-vinexin antibody (green) and anti-Abl antibody (red, top), or anti-vinexin antibody (green)
and anti-vinculin antibody (red, bottom). The ﬂuorescence images were taken with a confocal microscopy system. (E) Rat astrocytes were ﬁxed and
stained with anti-vinexin (green) and anti-Abl (red) antibodies. Z-series of 14 images were taken by a confocal microscope at 0.38 lM intervals. The
image shown presents the ﬁfth image from the bottom. Vertical sections of X–Z and Y–Z (through the line drawn across the cell) are shown on the
top and right, respectively. Arrow-heads indicate the area of membrane ruﬄes.
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c-Abl into NIH3T3 cells. Transfected cells were treated with or
without latrunculin B, an inhibitor of actin polymerization,
followed by immunoprecipitation using anti-FLAG antibody.
Interestingly, treatment with latrunculin B reduced the interac-
tion of vinexin b with c-Abl, whereas it did not aﬀect the inter-
action with vinculin (Fig. 2). This result suggests thatﬁlamentous actin enhances the interaction between vinexin
and c-Abl.
3.3. The third SH3 domain of vinexin is required for the eﬃcient
interaction with c-Abl
We next examined which region of vinexin interacts with c-
Abl. Because whole sequence of vinexin b is included in that of
Fig. 2. Regulation of the interaction of vinexin b with c-Abl by
ﬁlamentous actin. FLAG-tagged vinexin b was cotransfected with c-
Abl into NIH3T3 cells and cells were treated with DMSO or 0.5 lM
latrunculin B for 1 h. Cell lysates were immunoprecipitated using anti-
FLAG antibody. Precipitated proteins were subjected to SDS–PAGE,
followed by immunoblotting using anti-Abl, anti-FLAG, and anti-
vinculin antibodies.
Fig. 3. The third SH3 domain of vinexin is required for eﬃcient
interaction with c-Abl. (A) A schematic diagram of the wild type and
mutants of vinexin b. Amino acids are numbered from the ﬁrst
methionine of vinexin a. (B) Empty vector, wild-type vinexin b or a
series of point mutants of vinexin b shown in A was cotransfected with
c-Abl into Cos7 cells. Cell lysates were immunoprecipitated using anti-
FLAG antibody. Precipitated proteins were subjected to SDS–PAGE,
followed by immunoblotting using anti-Abl antibody. C, MycHis-
tagged vinexin b was cotransfected with FLAG-tagged deletion
mutants of c-Abl (Abl461–end, Abl461–756, and Abl756–end) into
Cos7 cells. Cell lysates were immunoprecipitated using anti-Myc
antibody. Precipitated proteins were subjected to SDS–PAGE, fol-
lowed by immunoblotting using anti-FLAG antibody. (D) FLAG-
tagged vinexin b was cotransfected with the wild type or point mutants
of c-Abl (P2X and P4X) into Cos7 cells. Cell lysates were immuno-
precipitated using anti-FLAG antibody. Precipitated proteins were
subjected to SDS–PAGE, followed by immunoblotting using anti-Abl
antibody.
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the essential region for the interaction with c-Abl is likely to be
included in vinexin b. Thus, we utilized the wild type and mu-
tants of vinexin b, which contain mutations disrupting the
function of each SH3 domain as shown in Fig. 3A, for the fol-
lowing coimmunoprecipitation assay. Empty vector or a series
of FLAG-tagged mutant of vinexin b was cotransfected with
c-Abl into Cos7 cells and immunoprecipitation was performed
using anti-FLAG antibody, followed by immunoblotting
using anti-c-Abl antibody. c-Abl was eﬃciently coprecipitated
with the wild type, 1stWF mutant, and 2ndWF mutant of vin-
exin b, whereas it was coprecipitated only weakly with mu-
tants (3rdWF, 1st2nd3rdWF) that had lost the function of
the third SH3 domain (Fig. 3B), suggesting that the third
SH3 domain of vinexin plays a pivotal role in the interaction
with c-Abl. Interestingly, the 1st2nd3rdWF mutant of vinexin
b still interacted with c-Abl (Fig. 3B). Thus, other regions of
vinexin b may also contribute to the interaction with c-Abl.
We examined whether v-Abl interacts with vinexin as well.
v-Abl was coprecipitated, but the interaction was weaker than
that of c-Abl in the immunoprecipitation assay (data not
shown). v-Abl has an N-terminal gag sequence in place of
the SH3 domain of c-Abl. It is possible that the N-terminal
SH3 domain of c-Abl interacts with proline-rich sequences
of vinexin and plays a role in the interaction with vinexin.
3.4. Viexin interact with proline-rich sequences of c-Abl
Vinexin interacts with c-Abl mainly through the third SH3
domain. Since c-Abl contains multiple domains, including pro-
line-rich sequences, we next examined whether these proline-
rich sequences are involved in the interaction with vinexin.
FLAG-tagged deletion mutant of c-Abl, Abl461–end,
Abl461–756, or Abl756–end, was cotransfected with MycHis-
tagged vinexin b into Cos7 cells and immunoprecipitation
was performed using anti-Myc antibody, followed by immuno-
blotting using anti-FLAG antibody. Abl461–end and Abl461–
756, which contain proline-rich sequences, were coprecipitated
with vinexin b, whereas Abl756–end, which dose not have pro-
line-rich sequences, was not (Fig. 3C). To further conﬁrm the
importance of proline-rich sequences of c-Abl for the interac-
tion with vinexin b, immunoprecipitation using point mutants
that contain two and four point mutations in proline-rich se-
quences (AblP2X and AblP4X, respectively) was performed.
Wild-type c-Abl was eﬃciently coprecipitated with vinexin b.
In contrast, P2X was coprecipitated moderately and P4X scar-
cely (Fig. 3D). These results suggest that proline-rich se-quences of c-Abl are responsible for the interaction with
vinexin b.
3.5. Vinexin a but not b is phosphorylated by c- and v-Abl in a
third SH3 domain-dependent manner
We next examined whether vinexin is phosphorylated
by c- or v-Abl. FLAG-tagged vinexin a or b was cotrans-
fected with or without v-Abl into Cos7 cells. Cell lysates were
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blotted using anti-phosphotyrosine (pY20) antibody. FLAG-
vinexin a was tyrosine-phosphorylated in v-Abl-expressing
cells but not in control cells. In contrast, FLAG-vinexin b
was scarcely phosphorylated in either of the cells (Fig. 4A).
FLAG-vinexin a was also tyrosine-phosphorylated moderately
in c-Abl-expressing cells (see Fig. 4B and C). These observa-
tions suggest that the N-terminal region of vinexin a not
shared by vinexin b is mainly phosphorylated in a v- and
c-Abl-dependent manner.
We next examined whether vinexin a is directly phosphory-
lated by c-Abl. FLAG-vinexin a was crudely puriﬁed from
Cos7 cells by immunoprecipitation. Using this vinexin a as a
substrate and puriﬁed c-Abl as a source of kinase, an
in vitro kinase assay was performed in the absence or presence
of STI571, a speciﬁc inhibitor of c-Abl. FLAG-vinexin a was
phosphorylated by c-Abl in the absence of STI571 (Fig. 4B).
On the other hand, addition of STI571 inhibited the phosphor-
ylation, suggesting that vinexin a is directly phosphorylated by
c-Abl in vitro.
CrkI/II has been reported to be phosphorylated by c-Abl in
an interaction-dependent manner [6,24,26]. We, thus, exam-
ined whether the interaction of vinexin a with c- or v-Abl is re-
quired for the phosphorylation of vinexin a. The wild type or
3rdWF mutant of vinexin a (a3rdWF) was cotransfected with
c- or v-Abl into Cos7 cells. The a3rdWF mutant was phos-
phorylated to a lesser extent than wild-type vinexin a in both
v- and c-Abl-expressing cells, although the amounts of immu-
noprecipitated vinexin b, wild-type vinexin a, and a3rdWF
mutant were comparable (Fig. 4C). These results indicated thatFig. 4. Vinexin a is phosphorylated by Abl in a third SH3 domain-depende
without v-Abl into Cos7 cells. Cells were lysed with RIPA buﬀer. Cell lysa
FLAG-vinexin a and b were immunoblotted using anti-phosphotyrosine
immunoprecipitated using anti-FLAG antibody. Immunoprecipitated beads
and incubated at 37 C for 30 min in the presence or absence of STI571. Bead
FLAG-vinexin a was detected by immunoblotting using anti-phosphotyrosin
was cotransfected with c- or v-Abl into Cos7 cells. Cells were lysed with R
antibody. Precipitates were immunoblotted using anti-phosphotyrosine antibthe eﬃcient phosphorylation of vinexin a requires interaction
with Abl through the third SH3 domain.
3.6. Tyrosine 127 on vinexin a is a major site of phosphorylation
by c- and v-Abl
There are ﬁve tyrosine residues in the N-terminal region of
vinexin a (Fig. 5A). To determine where vinexin a is phosphor-
ylated by c- or v-Abl, we generated mutants of vinexin a with
deletions in the N-terminal regions (Fig. 5A). Each mutant was
cotransfected with v-Abl into Cos7 cells and immunoprecipi-
tated using anti-FLAG antibody. Conﬁrmation that equal
amounts of mutant protein were precipitated was obtained
by immunoblotting using anti-FLAG antibody (Fig. 5B).
Phosphorylation of the wild type, D235–317, and D318–405
was comparable and that of D157–234 increased (Fig. 5B).
On the other hand, the D1–156 mutant of vinexin a was only
weakly phosphorylated as a3rdWF was. These results suggest
that a major site for phosphorylation by Abl lies within resi-
dues 1–156 of vinexin a.
There is only one tyrosine residue in region 1–156 (see
Fig. 5A). Thus, we generated a mutant that contains phenylal-
anine in place of tyrosine 127, as well as mutants with substi-
tutions of tyrosine 269 and 394. The wild type or point
mutants of FLAG-vinexin a were cotransfected with v-Abl
into Cos7 cells and immunoprecipitated using anti-FLAG
antibody. Wild-type vinexin a was phosphorylated and this
phosphorylation was prevented by treatment with STI571
(Fig. 5C, top). The Y269F and Y394F mutants were slightly
less phosphorylated than wild-type vinexin a. On the other
hand, the mutation Y127F dramatically decreased the phos-nt manner. (A) FLAG-tagged vinexin a or b was transfected with or
tes were immunoprecipitated using anti-FLAG antibody. Precipitated
antibody (pY20). (B) FLAG-vinexin a (wild-type or Y127F) was
were resuspended in a reaction buﬀer containing puriﬁed active c-Abl
s were washed with ice-cold 1% TritonX-100/PBS. Phosphorylation of
e (pY20) antibody. (C) FLAG-tagged vinexin a, vinexin b or a3rdWF
IPA buﬀer. Cell lysates were immunoprecipitated using anti-FLAG
ody (pY20).
Fig. 5. Tyrosine 127 of vinexin a is a major site of phosphorylation by Abl. (A) A schematic diagram of the wild type and mutants of vinexin a.
(B) FLAG-tagged wild-type vinexin a or a series of mutants was cotransfected with v-Abl into Cos7 cells. Cell lysates were immunoprecipitated using
anti-FLAG antibody. Precipitates were immunoblotted using anti-phosphotyrosine antibody (pY20). (C) FLAG-tagged wild-type vinexin a or a
series of mutants having point mutations was cotransfected with v-Abl into Cos7 cells. Cells were treated with or without STI571 (20 lM) for 3 h and
then lysed with RIPA buﬀer. Cell lysates were immunoprecipitated using anti-FLAG antibody. Precipitated proteins were immunoblotted using anti-
phosphotyrosine antibody (pY20).
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mutant was not phosphorylated by c-Abl in the in vitro kinase
assay (Fig. 4B). A combination of the mutation of Y127F and
Y269F or Y127F and Y394F resulted in a complete absence of
the phosphorylation of vinexin a but the mutation of both
Y269F and Y394F had little eﬀect (Fig. 5C, bottom), suggest-
ing that tyrosine 127 of vinexin a is a major site of phosphor-
ylation by Abl.4. Discussion
In the present study, we have shown that vinexin a and b
interact with c-Abl and this interaction is mediated by the third
SH3 domain of vinexin. Endogenous vinexin also interacted
with c-Abl in both rat astrocytes and MDA-MB-231 breast
carcinoma cells. Furthermore, immunoﬂuorescence analysis
showed that endogenous c-Abl colocalized with endogenousvinexin at membrane ruﬄes. These results suggest that endog-
enous vinexin interacts with c-Abl at membrane ruﬄes. We re-
cently reported that vinexin interacts with WAVE2 through
the ﬁrst and second SH3 domains of vinexin and colocalized
at membrane ruﬄes in MDA-MB-231 cells [20]. Since the
binding sites for WAVE2 and c-Abl are separable, one can
speculate that a trimeric complex, Abl-vinexin-WAVE2, exists
at membrane ruﬄes. WAVE2 is also suggested to be phos-
phorylated and regulated by c-Abl [10,27]. Further studies will
examine the possibility that the complex regulates the actin
cytoskeleton at membrane ruﬄes.
We showed here that the interaction of vinexin b with c-Abl
is reduced by treatment with latrunculin B. This result raises at
least two possibilities. One is that F-actin directly interacts
with c-Abl or vinexin and changes the conformation of these
molecules, leading to the promotion of the interaction between
vinexin and c-Abl. c-Abl is able to interact with F-actin
and suggested to be maintained in an inactive state [4].
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lished data). The other possibility is that F-actin acts as a scaf-
fold between vinexin and c-Abl. The mesh-like structure of
F-actin at membrane ruﬄes may concentrate actin-binding
or actin-regulated proteins in these areas. This would increase
the opportunity to encounter the binding partners. The mech-
anism of the actin-regulated interaction of vinexin with c-Abl
remains to be revealed.
We also demonstrated that vinexin a but not b was phos-
phorylated in cells c- or v-Abl. ArgBP2 is a member of the
vinexin/CAP/ArgBP2 family and reported to be phosphory-
lated by Abl as well as Arg [15,28]. We showed that tyrosine
127 of vinexin a is a major site of phosphorylation by Abl
both in vitro and in vivo. The amino acid sequence around
this tyrosine residue is not similar to that of known substrates
of Abl. ArgBP2, however, contains a consensus sequence for
phosphorylation by Abl at a position similar to tyrosine 127
on vinexin a, although exactly where ArgBP2 is phosphory-
lated by Abl is still unclear. The tyrosine-phosphorylation
of ArgBP2 is suggested to enhance its aﬃnity for Abl via
the SH2 domain. However, the substitution of tyrosine 127
of vinexin a with phenylalanine did not reduce the interaction
of vinexin a with c-Abl (unpublished data). Thus, the phos-
phorylation of vinexin a may have a diﬀerent function from
that of ArgBP2.
Vinexin also interacts with Sos-1, a guanine nucleotide ex-
change factor (GEF) for Ras and Rac, through the third
SH3 domain of vinexin [21]. This interaction is regulated by
the phosphorylation of Sos-1. However, the details of this reg-
ulatory mechanism have not been determined. Recently, it has
been reported that Abl/Arg is involved in the formation of
membrane ruﬄes induced by PDGF through the phosphoryla-
tion of Sos-1 [29]. Phosphorylation of Sos-1 by Abl/Arg stim-
ulated GEF activity against Rac1, a key regulator of WAVE2
as well as the formation of membrane ruﬄes. Further study
should reveal the function of the interaction of vinexin-Sos-1
and vinexin-c-Abl.
In conclusion, we found that vinexin is a novel binding
partner of c- or v-Abl and colocalizes at membrane ruﬄes
in rat astrocytes. Latrunculin B decreased the interaction of
vinexin b with c-Abl, suggesting the involvement of F-actin.
This interaction enhanced the c- or v-Abl-mediated phos-
phorylation of vinexin a but not b. We also deﬁned tyrosine
127 of vinexin a as a major site of phosphorylation by c- or
v-Abl. These results suggest that vinexin a is a novel sub-
strate for Abl.
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